Embedded Systems for Ultrasonic Imaging and Signal Processing U ltrasonic technology and sensors play a vital role for a diverse field of industrial and medical applications. The global market for ultrasonic equipment in 2011 was estimated at $17.5 billion and will reach $27.7 billion by 2016 according to market analysts Bcc research. demand for ultrasonic testing and imaging devices is expected to increase, however, sustaining high growth requires innovative and novel ultrasonic sensors, devices, and testing methodologies. Therefore, this special issue of IEEE Transactions on Ultrasonics, Ferroelectric and Frequency Control (IEEE TUFFc) presents a timely assessment of the research landscape in real-time ultrasonic testing and imaging systems. The main objective of this special issue is to bring the latest advances in ultrasonic sensor arrays, micro electromechanical systems (MEMs), embedded computing, and signal processing and imaging hardware of interest to the ultrasonic research community into a common platform that falls within the scope of the IEEE TUFFc.
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In recent years, the semiconductor industry has been going through an important evolutionary step called "More-than-Moore" for devices with functionalities that do not necessarily conform or scale according to Moore's law. These new devices can incorporate heterogeneous and parallel processing cores, and will allow sensors and actuators to be integrated into package-[system in a package (siP)] or chip-[system on a chip (soc)] level solutions. similarly, reconfigurable technologies based on field-programmable gate arrays (FPGas) have matured to a level where they are now considered viable for use in consumer products, offering great cost for performance and unmatched flexibility. More recently, general processing with graphics processing units (GPGPU) has gained momentum for scientific and industrial applications. GPUs offer tremendous parallel processing capability with a largely software-based design flow, making them attractive solutions for computationally complex problems. These devices are poised to make a significant impact in many fields, including the next generation of ultrasonic systems and devices. In fact, research and development of realtime ultrasonic testing and imaging systems is very active, as evidenced by the great interest in this special issue. a substantial number of papers were submitted, and after rigorous peer-review process, 22 were selected to be included in this content-rich special issue. We believe that these contributions are likely to have long-term impact on the future of novel ultrasonic devices. It is our hope that bringing together the research in this special issue will introduce readers to the latest breakthroughs in distinct fields of ultrasonic testing, signal processing, and embedded system design. The selected papers cover important topics in ultrasonic systems with medical and industrial applications; capacitive micromachined ultrasonic transducer (cMUT) and MEMs devices, FPGa-based embedded systems, reconfigurable hardware, front-end sensor electronics, integration of sensors and soc devices, array systems, and GPGPU processing.
The first group of 9 papers discusses ultrasonic system development for imaging and signal processing. These papers are concerned with achieving optimal design constraints such as hardware efficiency, system adaptability, low cost, and high throughput. The first paper by owen et al., (charlottesville, Va) presents a computationally efficient, separable 2-d array beamforming method for increased frame rate and battery life for hand-held devices. The paper by alqasemi et al. (storrs, cT) introduces a reconfigurable processor system for real-time, co-registered ultrasound and photoacoustic imaging. a system-on-chip platform for ultrasonic target detection using neural networks is presented by saniie et al. (chicago, Il) . steckel and Peremans (antwerp, Belgium) developed an FPGa-based biomimetic sonarhead to mimic echolocation behavior of bats. The Ultrasound advanced open Platform (Ula-oP), recently developed in Firenze, Italy by Boni et al., is shown as a reconfigurable platform that can be adapted to applications such as vector doppler, quasi-static elastography, flow-mediated dilation, pulse compression and high-frame-rate imaging. a costeffective and portable FPGa-based ultrasound imaging embedded system is developed for point-of-care applications by Kim et al., (seoul, Korea) . another ultrasonic system with industrial application is described by ricci et al. (Firenze, Italy, and Zurich, switzerland) . Here, an embedded doppler system is designed for rheological fluid behavior characterization using FPGas. Martin-arguedas et al., (Madrid, spain) describe a new ultrasonic synthetic aperture technique using a GPU beamformer for accelerated execution and reduced hardware cost. The last paper in this group, by cheng et al., (Taipei, Taiwan) , examines the MPEG compression of ultrasonic rF data to evaluate the compression efficiency.
The next 8 papers describe ultrasonic medical imaging systems with novel hardware components and methodologies. Kamimura et al., (sao Paulo, Brazil, and rochester, Mn) 
, and open platform for ultrasound biomicroscopy using FPGa devices. Bochud and rus (Granada, spain) report a numerical method by combining the solution of a probabilistic inverse problem with signal-processing techniques to monitor tissue formation processes in real-time. a 1024-element half-ring transducer array for ultrasound tomography is designed by rouyer et al., (Marseille, France) for anatomical breast inspection. litniewski et al., (Warsaw, Poland) present a low-cost FPGa-based ultrasonic scanner for in vivo measurement of trabecular bone. abhilash and sunita (nanyang, singapore) introduce a correlation-based motion prediction technique to address the movement of urological organs, which can be integrated into an image-guided noninvasive robotic surgical system with high targeting accuracy. Hemmsen et al., (lyngby, denmark) describe a versatile and open data-acquisition platform using a medical ultrasound scanner. Multiple applications are examined including beamformation, blood velocity estimation, and acquisition of spectral velocity data. Finally, yu et al., (delft, The netherlands) present the development of an ultrasonic matrix transducer with more than 2000 elements to be used for 3-d trans-esophageal echocardiography.
The next 3 papers present the latest developments in system integration of capacitive micromachined ultrasonic transducers (cMUT) for imaging and detection applications. Wong et al., (Waterloo, canada) report the design of an FPGa-based real-time ultrasonic imaging system that uses a 16-element phased array cMUT, fabricated using the fusion bonding process. lemmerhirt et al., (ann arbor, MI, and Medford, Ma) present a 32 × 32 ultrasound array manufactured using a cMUT-in-cMos approach whereby transducer elements and readout circuits are integrated on a single chip. Berg and rønnekleiv (Trondheim, norway) compare the acoustic properties of cMUT 3-d stacks bonded with three different bonding techniques to reduce the impact of surface acoustic waves.
The last two papers are related to electronic subsystems required for high-voltage power amplifiers and for pulse generators used in high-frequency ultrasound imaging systems. Gao and Gui (dallas, TX) show a new digital predistortion technique implemented on FPGas to improve the linearity and power efficiency of a high-voltage power amplifier for ultrasound transmitters. Finally, qiu et al. (Hong Kong sar, china) , present the development of a multi-functional, reconfigurable pulse generator for high-frequency ultrasound imaging. This pulse generator can be used for B-mode imaging, doppler measurement, and modulated excitation imaging.
We believe that the articles in this special issue highlight both the current advances of ultrasonic systems and the key emerging solutions which can stimulate more research for innovative products in ultrasound-based medical or industrial applications. Moreover, it is our strong belief that the techniques discussed in this issue illustrate clearly how to map complex ultrasonic sensing and signal processing applications for real-time systems while meeting critical constraints such as system speed, power consumption, overall cost, and time-to-market.
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